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ABSTRACT

Gray's Reef is a live-bottom reef area located in about 19,8 meters (65 ft.)
of water approximately 33 kilometers (18 naut. mi.) due east of Sapelo Island,
Georgia. The reef substrate is a layer of rock composed of a moderately to
strongly dolomitized, sandy biomicrite which occurs as an outcropping layer
heavily encrusted by sessile benthos. The total vertical relief in the area is
6.6 meters (22 ft.).

A lithologically similaf layer of rock tentatively identified as the Dupiin
Mar.l (Pliocene ?) crops out in Sapelo Sound and in Turtle River, near Bruns-
wick, Georgia, and is encounfered in core holes along the coast from north
Florida to central Geqrg'ia. Seismic reflection profiles indicate stratigraphic
continuity of the reef substrate to this regionally extensive horizon.

The reef rocks were apparently deposited in a shallow marine environ-
ment and were dolomitized following deposition. Several periods of subaerial
exposure caused leaching of micrite in the upper part. of the layer. Minor

amounts of microsparry to sparry calcite were deposited in cracks and voids,




INTRODUCTION

For the purpose of this sfudy, the word "reef" is defined as an outcrop of
a body of rock on an otherwise sandy bottom which expresses relief above the
surrounding bottom and Supports an accumulation of sessile benthos. Such a
feature is the subject of this study.

Gray's Reef, located approximately 33 kilometers (18 na‘ut. mi.) east of
Sapelo Island, Georgia, is an interfingering series of northeast-southwest
trending ridges and troughs consisting of a limestone layexr upon which abun-

 dant epifauna are attached. Interest in the study of this live-bottom reef area
was initiated from the data cbtained from several underwater television tows
in the reef area in connection with a regional study of the continental shelf by
University of Georgia personnel. Locally, the feature is called "Sapelo Reef",
Because this name is a geographical designation and could lead to confusion if
other live-bottom areas are found in the vicinity of Sapelo Island, thé writer
proposes the name "Gray's Reef" to specifically designate the study area in
honor of the late Milton B. Grayrof the University of Georgia Marine Institute.
~The primary objectives of this study were: 1) to determine the geological
origin and significance of Gray's Reef; 2) to obtain a more detailed picture of
néarshore morphology of the continental shelf off the Central Georgia coast and

3) to better understand the relationship between coastal Neogene stratigraphy




and continental shelf morphology.

The study area is ‘located between 31922" N. and 31925' N. Latitude and
80°50' W. and 80055' W, Longitude. The western boundary is 32.2 kilometers
(17.5 naut. mi.) due east of the southern tip of Sapelo Island (Figure 1 in
pocket).

Water depth in the Study area ranged from 16.8 to 23.5 meters (55 to 77
ft.). Based on SCUBA observations, horizontal visibility at the bottom varies
from less than 1.5 meters (5 ft.) to more than 9 meters (30 ft.), d.epending on
the sea condition and tide. Best visibility tends to occur at or near high tide in
calm weather. Astronomical tides along the Georgia coast are semj -diurnal
and have a maximum range of 2.75 to 3.0 meters (9 to 10 ft.) and a normal
range of approximately 1.8 meters (6 ft.).

Data collected by Anderson and Gehringer (1956, 1959) indicate thatsalinity
and dissolved oxygen content of the sea water show very slight seasonal varia -
tion. Salinity remains between 34 and 36 parts per thousand while dissolved
Oxygen content varies from around 4.5 milliliters per liter to about 6 milliliters
per liter. Surface sea water temperature ranges from approximately 289 C
during the summer to about 14°C during the winter months. During several
SCUBA dives in the study area a thermocline of several degrees C was noted by
the author at depths from 7.6 to 10.7 meters (25 to 35 ft). |

Very little data on the currents are available for the study area. Bumpus

(1955, 1965) studied surface currents along the Atlantic coast and found that off

the Georgia coast a generally southerly flow prevails in the summer, autumn
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and winter changing to a northerly flow in the spring. During late summer and
early fall the northerly-flowing Gulf Stream currents shift westward nearer the
coas't in response to prevailing southeasterly winds. This condition is identi-

ﬁed by the appearance of Gulf Weed (Sargassum) on the beaches and nearshore

waters.,

Previous Work in the Area

The fifst recorded recognition of the reef was in 1961 by the late Milton
B. Gray (Gray, 1961), biological collector for the University of Georgia Marine
Institute, Sapelo Island, Georgia. Mr. Gray's collections from the reef began
in the latter paxt of 1960 as a part of the Institute's Systematics/Ecology pro-
gram. Since 1961, this feature has been a popular collection site for various
scientific investigators, university classes and high school groups visiting the
Marine Institute.

The Marine Sports Fisheries Division of the Georgia Department of Natural
Resources has recently become interested in Gray's Reef because of its large
and vari;:d fish population. The Division has bouyed several sites on the reef
and has published a descriptive brochure on the fishing potential in the area
(Georgia State Game and Fish Commission, 1970).

Except for a brief statement of its existence and possible 6rigin by Henry
and Hoyt (1968) the reef has not been studied geologically. A very similar fea-
ture has been described by Roberts and Pierce (1967) as an outcrop of the York-

town Formation in Onslow Bay off North Carolina. Work has been done on sev-




eral shelf-edge reef structures (Pilkey and Giles, 1965; Eddy, ctal, 1967;

Henry and Hoyt, 1968), and is currently being carried out on another reef trend
off the central Georgia coast in 30.5 to 38.1 meters (100 to 125 ft.) of water

(V. J. Henry, personal communication, 1973).




PROCEDURE
Description of Equipment Used
Research vessels used for the survey were the 19.8 meter (65 ft.) R/V

KIT JONES based at the University of Georgia Marine Institute at Sapelo Island

and the 14.3 meter (47 ft.) R/V GOLDEN ISLES located at the Skidaway Insti-
tute of Oceanography, Savannah, Georgia. |

An underwater television system consisting of a Cohu 3000 Series black
and white camera adapted to an underwater housing was used for remote ob-
servaticnus in the study area. The camera was mounted on 2 sled for towing
and was coupled to a Sony Model EV-300 2. 54 centimeter (1 in.) video-tape
recorder through a Cohu 3900 Series camera control unit. The video signal
was observed onaa Sony Model CVM-51-UWP 20. 3 centimeter (8 in.) monitor.

Bathymetric profiles were made using an Electroacustic CASTOR Model
recording fathometer mounted on the R/V KIT JONES and a Raytheon Model

DE-719 recording fathometer aboard the R/V GOLDEN ISLES.

Sub-bottom profiles were obtained using an E.G. and G. high-resolution
seismic reflection profiler consisting of a Model 234 sejsmic recorder, a
Model 231 triggered capacitor bank with a Model 232A power supply, a Model

230 UNIBOOM (Unit Pulse Boomer) sound projector mounted on a catamaran

float, and a Model 265 hydrophone. Several Loran-C receivers and Decca

Medels 202 and 914 radars were used for navigation,
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A Ni'konos IT 35-millimeter underwater camera with a 35 millimeter
Nikkor f 2.5 lens was used with a flash attachment and Kodachrome II film
for color photography and without a flash attachment for black and white photo-
graphy using Plus-X and Tri-X film. Visual observations and underwater
photographs were made and limited reef sampling was carried out using stan-

dard SCUBA gear.

Field Methods

Based on specific locations obtained from Gray's unpublished records, ini-
tial SCUBA dives with hand-held television ana television tows were made and
the boundaries of the study area were subsequently established based on the
decrease and disappearance of accumulations of sessile benthic fauna and rock
outcrops. The rock outcrops, with their associated dense accumulations of
epif;mna, were found to occur in a band at least 5,5 kilometers (3 naut. mi.)
long. Because the reef has no clear-cut boundaries to the south and east and
is generally quite patchy, it was necessary to confine the study to a specific
arvea of bottom. The entire area mapped, most of which contains the live-
bottom, covers approximately 40.7 square kilometers (12 sq mi.) of seafloor.
A totgl of nine cruises were made to the location,

Bottom mapping was accomplished by continuous and simultaneous use of
the television system and recording fathometers. The video-tapes were co-
ordinated with the fathometer profiles by contemporaneously marking 15-

minute time intervals and station locations on each record. Sub-bottom pro-




filing was carried out separately from the television cruises.

Sediment, rock and shell samples were collected using bottom dredges.
Additional rock and sediment safnples were taken .during 11 SCUBA dives along
with samples of the sessilé benthic organisms most commonly s‘een and recog-
nizable on the TV screen. Still photographs, both black and white and color
were taken during the dives and were coordinated with the sampling. (For
transect, dive and sample locations, see Figures 1 and 2 in pocket).

Navigational control was accomplished using the Sapelo Whistle Bouy R
"25" and several radar.reﬂector bouys placed on the reef for triangulation.

Loran-C was also used along with "dead reckoning"

Laboratory Methods

Reduction of Video-tapes, Bathymetry Profiles and UNIBOOM Data: Follow-

ing each of the cruises, video-tapes of the underwater television tows were
viewed several times and edited. Faunal den.sities were catagorized as parse,
moderate and dense and, with other pertinent features such as ledges and rock
outcrops, were transferred to a base map using times and footages of video-
tape for control. Fathometer profiles were studied and the depths were also
plotted on the base map along the various transects. Seismic profile records
were interpreted and each prominant reflector was transferred to a cross-
séctional map.

Sediment and Rock Sample Preparation: A total of 19 sediment samples

were collected and stored in a cold room at temperatures just above freezing



until they were processed. After being \.vashed to remove organic material,
the sediment samples were examined with a binocular dissecting miéroscope
at from 10 to 40 power.

Nine reef rocks were collected and cut on a rock saw or broken to reveal
a fresh surface and were then described and photographed. Slabs were then
cut and thin-sections made. In order to identify carbonate minerals, the thin-
sections were treated with Alizarin Red "S" to stain calcite and aragonite red
(Friedman, 1959), potassium ferricyanide to stain iron-rich dolomite blue
(Friedman, 1959; Evamy, 1962), Feigl's Solution to stain aragonite black
(F;iedman, 1959) iand Titan Yellow (Clayton Yellow) to stain dolomite yellow
(Friedman, 1959). They were then studied ulnder a petrographic microscope
énd a point count was done on each thin-section.

Biological Sample Preparation: The 14 samples of sessile benthic organ-

isms collected during the dives were frozen immediately upon arrival at the

surface. The samples were later placed in a 90% isopropal alcohol and water
o

solution and remdained there for a sufficient time for the preservative to per-

meate the organisms.




GEOLOGICAL SETTING

Continental Shelf Topography

The continental shelf off the coast of Georgia is 130 to 150 kilometers
(;70 to 92 naut. mi.) wide with the shelf break occurring at an average depth of
approximately 50,3 meters (165 ft.) Average slope on the shelf is approxi-
mately 36 centimeters per kilometer (2 ft. per mi.). Distinct changes in the
slope occur at depths of 12,2, 19.8, 22.8, 33.8 and 47.5 meters (40, 65, 75,
110 ahd 150 ft.) which suggest.possible "terraces" with associated scarps, al-
though the scarps show no particular lineatioz‘l (Pilkey and Giles, 1965; Henry
and Hoyt, 1968).

A poorly defined valley of low relief lies across the shelf east of Sapelo

Island, Georgia, and is bordered to the south by a gentle ridge. This feature
is believed by Pilkey and Giles (1965) to be an old Altamaha River channel

formed during the lower sea levels of the Pleistocene Epoch.

Based on bathymetric profiles and bucket dredge sampling only, several
shelf edge rock ledges were noted by Pilkey and Giles (1965) and Henry and
Hoyt (1968) exhibiting relief up to 6.1 meters (20 ft.) and having a topographic
high on the crest of between 1.8 and 3.0 meters (6 and 10 ft.) and appearing
laterally discontinuous. Henry and Hoyt (1968) also noted semi-consolidated

to lithified rocks cropping out on the shelf at depths of approximately 18.3 and

9
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45.7 meters (60 and 150 ft.). The rocks were believed to be either a sub-
merged reef-like structure formed during periods of lower sea level or Ter-
tiary rocks now covered by encrusting organisms.
Continental Shelf Sediments
Holocene paralic deposits of fine-to very fine-grained sand wedge out

some 18 to 27 kilometers (10 to 15 naut, mi.) seaward of the barrier islands

in 12 to 15 meters (40 to 50 ft.) of water. From the seaward extent of the re-

cent sediments out tothe shelf edge, apparently little sedimentation is occur -
ring and the sediments present are cousidered to be rehct Pleistocene sands
(Gérsline, 1963; Pilkey and Frankenberg, 1964; Henry and Hoyt, 1968; Emery
and Milliman, 1970; Gadow, 1972). Pilkey and Terlecky (1966) postulated that
the linear distribution of sediments parallel to the coast reflects former shore-
lines or stilistand deposits. These older deposits are typically medium- to
coarse-grained quartz sands containing abundant calcareous fossil debris,
Much of the quartz is iron-stained suggesting subaerial exposure during lower

stands of sea level (Henry and Hoyt, 1968; Pilkey, 1968).

According to Pilkey (1963), the most abundant heavy mineral species from
the Georgia continental shelf are hornblende, epidote, staurolite and the opaques,
mainly ilmenite and magnetite. The carbonate content of the shelf sediments
generally remains below 25% and, based on external appearances, consists of
two' distinct assemblages: the first shows little wear and fragmentation and
possibly exhibits the original color; the second is highly worn, fragmented,

bored and has lost most of the originai color (Pilkey, 1964), Both assemblages
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consist of predominantly mollusk shells, particularly pelecypods, along with
echinoid fragments and bryozoa,

Phosphorite, as P205, Tepresents approximately 1% of the sediments on
the Georgia continental shelf and although most of the phosphorite recovered
from the shelf sediments was sand size, particles up to 1.5 centimeters (0.6

in.) long have been observed (Pevear and Pilkey, 1966). Gorsline (1963) be-
lieves the phosphate material found in the shelf sediments originated from

Miocene outcrops on the shelf,

A fluvial provenance is generally agreed upon for the relict Pleistocene -
sediﬁlents on the continental shelf (Henry and Hoyt, 1968; Pilkey, 1968;
Carver, 1971; Gadow, 1972). Heavy mineral assemblages studied by Pilkey
(1963) and Gadow (1972) indicate both metamorphic and igneous provenance
for the sediments. Gadow (1972) found that the inner éont‘mental shelf sedi-
ments appeared to be a mixture of river-derived Sediments. The hornblende
present in this band was found to come mostly from the Savannah River with
minor amounts introduced by the Altamaha River. Carver (1971) believes the
hornblende in the shelf sediments came from the Santee River in South Caro-
lina. In any case, the distribution of hornblende indicates a longshore trans-
port of sediments from riérth to south (Pilkey, 1968; Gadow, 1972). Studies of
the clay mineral distributions in continental shelf waters and sediments indicate

the same direction for longshore transport (Neiheisel and Weaver, 1967; Big-

ham, 1973). Pilkey (1968) believes that much of the sand present on the con-

tinental shelf was deposited during the late Wisconsin/Holocene regression-




PR

1
1
| §

12
transgression sequence.
Studies of the iron-stained quartz and phosphorite anomalies on the con-
tinental shelf adjacent to the Georgia and South Carolina coasts suggests that

lateral transport of sediments is not extensive (Pilkey, 1968).
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DESCRIPTION OF GRAY'S REEF
Bathymetry

| Thé study area lies along a landward indentation of the 10-fathom contour
(see Figure 1). Fathometer profiles run from the Sapelo Whistle Bouy (R "25")
across Gray's Reef show an increase in depth from 16.7 meters (55 ft.) at the
bouy to 23.5 meters (77 ft.) 3.1 kilometers (1.7 naut. mi;) to the south-south-
east. The bottom then rises sharply to about 19.8 ﬁeters (65 ft.) at the reef
margin approximately 7.4 Vkilometers (4 naut. mi.) from the bouy.

Tﬁe bathymetry of the study area (shown in Figure 3) is typified by a series
of northeast-southwest trending ridges and troughs. Some of the associated
slopes and scarps dip to the northwest while others dip to the southeast. The
most prominent bathymetric expressions occur in the northern and northwest -
ern portions of the study area (see Figure 3). The study of fathometer profiles
obtained in the area, supported by personal observations and underwater téle-
vision recordings, revealed .that the more prominent siopes associated with
the ridges are typified by small vertical scarps from 0.15 to 1.2 meters (0.5
to 4 ft.) in relief oécurring at the bottom or top of the slopes, or both. Reef

slopes dipped at from less than 1° to approximately 60,

Morphology

Figure 4 is a composite cross-section iliustrating the various morphologic

13
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features encountered in the study area along with the terminology used to des-
cribe those features.

The total vertical relief encountered in the study area was approximately
6.6 meters (22 ft.). Typically, the water depth on the relatively flat upper
surfaces of the ridges ranged from 18.9 to 19.8 meters (62 to 65 ft.) and on
the flat sandy bottoms of the troughs the depth varied from 21.0 to 22.0 meters
(69 to 72 ft.).

A cave approximately 1.2 meters (4 ft.) in height, 9.1 meters (30 ft.) in
width and at least 3 meters (10 ft.) in depth was dis.covered beneath an over-
hanging ledge at di.ve site 9 (Plate 1 and Figure 2). Parts of the ledge had col-
lapsed (as seen below the diver in Plate la) and large blocks of heavily en-
c.rusted rock were scattered about the flat sandy floor of the trough (Plate 2),
Epifauna included soft corals, sponges, ascidians, bryozoa, barnacles and
some algaeﬁ. Small caves and burrows up to 22 centimeters (8 in.) wide oc-
curred under or in the rocks and ledges. Throughout the study area small
ledges up to 22 centimeters high were common and showed no particular orien-
tation,

Figure 2 (in pocket) is a map of rock outcrop patterns along with associat-
ed epifaunal densities. Most of the area of sparse and patchy epifaunavis undex~
lain by the rock exposed along the ledges and scarps in the northern paxt of the
stu—dy area. This bottom type, with few exceptions, represents the top of the
layer of rock. Areés of abundant growth generally represent areas of rock out-

crop such as ledges and scarps.
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PLATE I

ILedge area at Dive Site 9 with associated undercut cave.
Note collapsed block beneath diver.

Same ledge area approximately 5 meters (15 ft.) north-
east of location of Plate 1A. Ledge is approximately 1.5
meters (5 ft.) thick and mouth of cave is approximately
1.2 meters (4 ft.) high.

17




A.

Large rock on seafloor in a flat-bottomed trough at Dive
Site 11. For scale, length of rock is approximately 1.5
meters (5 ft.).

Partially buried rock at Dive Site 11. For scale, length
of rock is approximately 1.8 meters (6 ft.). Note shell
material in sediment.

18
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On the flat upper surface of the reef the rock is typically covered by a
veneer of sediment up to about 30 centimeters (1 ft.) thick. The rock, easily
exposed by wafting away the thin sediment cover, is rejatively free of encrus-
tations and exhibits cracks or joints up to 2.5 cen.timeters (1 in.) wide. Soft
corals and sponges attach to the rock and protrude through the veneer of sedi-
ment giving the area its typical appearance (see Plate 3).

Shallow probing in the deep area between the Sapelo Whistle Bouy and the
study area revealed no rock within 1.2 meters (4 ft.) of the bottom although
rock was encountered 3.0 meters (lQ ft.) below the bottom at the Whistle (J.R.

Woolsey, personal communication, 1973).

Sediments
In the study area, 19 sediment samples were taken with a bucket dredge
(see Figures 1 and 2 for locations). The samples consisted predominantly of
medium -grained quartz sand with very fine-grained sand to granule-sized gra-
vel (from 0.1 to 4.0 millimeters - 0.004 to 0.157 in.). Calcareous fossil
debris represented about 15% to 20% of the samples, with mollusk fragments
being the most abundant constituent. The sand grains were subangular to well-
rounded; the larger grains tended to be more rounded than the smaller grains.
Iron-stained quartz grains were common in most of the samples, especially in
the larger grainv sizes. Phosphorite was common in the samples and appeared
mainly in the very fine- to medium -grained fractions. The phosphorite occur -

redasovalto round, occasionally flattened, brown to black opaque grains.




Sponge and gorgonian corals at Dive Site 10. Organisms
are attached to the rock and covered by approximately 2.5
centimeters (1 in.) of sediment. For scale, small sponges
are approximately 10 centimeters (4 in.) high.

Sponges and gorgonian corals at Dive Site 5. Note shell
material in sediment. For scale, basket sponge at upper
right is approximately 36 centimeters (14 in.) wide.

20
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The veneer of sediment covering the reef top typically exhibited oscilla -
tion ripple marks that were 0.3 to 0.6 meters (1 to 2 ft.) from crest to crest
and 0.1 to 0.35 meters (4 to 14 in.) in height. The troughs commonly contain-
ed very coarse material, especially larger shell debris. Cur;ent activity at
the bottom sufficient to move finer material was observed and noted to be os-
cillatory. Unidirectional currents have also been noted, but only the finest

material was being transported during the time of observation.

Shallow Seismic Profile Data

Sub-bottoin profiles run from the Sapelo Whistle Bouy, R"2S'] to the study
area and from the study area to the vicinity of the Doboy Seabouy, Nun "D", re-
vealed & shaliow, somewhat discontinuous, principal reflector lying at -15.2
meters (—50 ft )M.S. L. or approximately 6.1 meters (20 ft.) beneath the sedi-
ment-water interface near Nun "D" and rising' to the surface of the sediment -
water interface at the study area., The profile run from R “2S" to the live-
botfom revealed a flat-lying reflector, also somewhat discontinuous, beneath
approximately 3.0 meters (‘10 ft) of sediment at the Whistle Bouy. The layer
alsc appears to crop.out in the study area (see Figure 5).
Fossil Shell Material

During the television tows large shells and shellfragments were frequently
observed. Samples of this material were subseduently collected during several
SCUBA dives and v«'/ere identified by Dr.Rchert Frey (personal communication,

1973) as valves cf the oyster, Crassostrea virginica, and the clam, Mercenaria
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FIGURE 5, Stratigraphic cross-sections
Reef area to the coast as interpreted from
UNIBOOM profiles. Vertical exaggeration
In Figure S5a is x 72, for Figure 5b is x 312.

from Gray's
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mercenaria (see Plate 4), The oyster shells were white to dark gray, slightly
to moderately bored and were encrusted with bryozoa, barnacles, serpulid
worm tubes and minor amounts of calcareous algae. Some shells were up to
10.2 centimeters (4 in.) long and 5.1 centimeters (2 in.) wicie. The clam
shells were white to reddish-gray and exhibited similar encrustations and bor-
ings. The shells appeared randomly scattered about the area. Numerous
other fossil mollusk shells were present. Shells and shell fragments of the l
thin-shelled pelecypod, Amusium sp., were found in the uppermost layer of
rocks on the reef'. These fossil bivalves are indicative of a calm, shal low \
|

marine environment and will be discussed in detail in a later section.

Sessile Benthic Fauna

No attempt has been made to identify all of the sessile benthos in the study

area because of the diversity and number of species present. Only the larger
specimens most commonly seen and most easily recognizable on the television ,
screen were identified. The most abundant larger fauna in the study area are

the gorgonian corals. Most frequently seen are the sea fan, Titanideum frauen-

feldi (Killiker), and the sea whips, Leptogorgia setacea (Pallas), Lophogorgia

hebes (Verrill) and 3 species of Telesto, one of which is a range extension

(John Kraeuter, personal communication, 1973). Also abundant are the sponges

which are attached directiy to the rock surfaces such as Cinachyra cavernosa

(Lamark), Speciospongia vesparia (Lamark), Homaxinella rosacea (Verril])a'nd

Ircinia campana {(Lamark). The stinker sponge, Ircinia fasciculata (Pallas),




PLATE 4

Oyster (Crassostrea virginica) and clam (Mercenaria mercenaria)
shells found on Gray's Reef. Ruler at the bottom is 15.2 centi-
meters (6 in.).
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- was found both attached to the rock surfaces and encrusted over the sea whip,

Leptogorgia sctacea (Pallas). The two ascidians which commonly occur in

the study area are Clavelina picta, (Verrill) and Amaroucium stellatum

(Verxill).
The distribution of faunal accumulations on Gray's Reef is shown in Fig-
ure 2 (in pocket) and the relative abundance, classified as sparse, moderate

and dense accumulations, is illustrated in Plate 5.

Reef Fishes

‘The Gray's Reef area is inhabited by a large fish population, some species
of which are year-round residents and others of which are scasonal. Below are
listed some of the species commonly seen in the area (American Fisherieg
Society, 1970; Georgia State Game and Fish Commission, 1970). Most of the
identifications were made by David Miller and Richard Vahan (personal com-

munication, 1973).

Cobia

King Mackeral
Atlantic Bonito
Great Barracuda
Bluefish

Crevalle Jack
Summer Flounder
Greater Amberjack
Atlantic Spadefish
Cubbyu ;
. Slippery Dick
Sheepshead
Spottail Pinfish
White Grunt
Black Sea Bass
Black Grouper

Rachycentron canadum
Scomberomorus cavalla
Sarda sarda

Sphyraena barracuda
Pomatomus saltatrix
Caranx hippos
Paralichthys oblongus
Seriola dumerili
Chaetodipterus faber
Equetus umbrosus
Halichoeres bivittatus
Archosargus probatocephalus
Diplodus holbrooki
Haemulon plumieri
Centropristis stviata
Mycteroperca bonaci




PLATE S5

Dense, moderate and sparse accumulations of epifauna at Dive
Sites 9, 5 and 3, respectively. For scale, fish in foreground
in Plate Sa is approximately 25.4 centimeters (10 in.) long and
in Plate Sc the snorkle is 38.1 centimeters (15 in.) long.
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Sand Perch

Redspotted Hawkfish

Gray Triggerfish

Planehead Filefish

Spotted Moray

Flamefish

Red Snapper

Pigfish (7?)

Toadfish

Caxrdinalfish

Tuna

Porgy (Sapridae)

Nurse Shark

Bull Shark

Blue Shark

Southern Hammerhead Shark
Common Hammerhead Shark

Diplectrum formosum
Amblycirrhitus pinos
Balistes capriscus
Monacanthus hispidus
Gymnothorax moringa
Apogon maculatus
Lutjanus camp-chanus
Orthopristis chysoptera

Opsanus sp.

Apogon sp.

Thunnus sp.

Calamus sp. {Saucer-eye Porgy?)
Ginglymostoma cirratum
Carcharhinus leucas

Prionace glauca

Sphyrna diplana

Sphyrna zygaena
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GRAY'S REEF SUBSTRATE
Description of Hand Specimens
As shown in Plate 5 and Figure 2 and discussed in previous sections, the
layer of limestone forming the substrate of Gray's Reef .was extensively cov-
ered by sand and abundant epifauna and, therefore, few fresh surfaces of the
rock were exposed. Even smaller rocks scattered about the area were heavily
encrusted by bryézoa, mollusk shells, serpulid worm tubes, and calcareous

algae (Lithothamnion sp.?) and appeared highly bored by the burrowing mol-

lusk, Lithophaga sp. Some of the bore holes still contained the organisms
(Plate 6). Encrusting foraminifera were rare. On a freshly exposed surface
the rocks varxied in golor from light and olive gray to very dark gray. Quartz
grains and fossil fragments were abundantly distributed in a fine-grained lime-
stone matrix. The hand specimens exhibited low to high porosity and were
poorly to well indurated.
Description of Thin Sections

The rock forming the substrate of Gray's Reef was a moderately to strong-
ly dolomitized, sandy biomicrite. All rocks collected in the area were very
similar in composition. Allochemical constituents varied from 9% to 10% in
the rocks and were predominantly mollusk and echinoid fragments with minor

amounts of foraminifera, bryozoa, coral, pelletoidal grains and intraclasts.
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PLATE 6

Unbroken rock sample from Gray's Reef. For scale,
ruler is 15.2 centimeters (6 in.) long.

Same rock broken. Note Lithbphag_a sp. burrows with
organisms in them.
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Terrigenous constituents accounted for 22% to 35% of the rocks with fine- to

medium -grained quartz being the predominant mineral. The quartz grains

were subrounded to subangular, depending on the grain size, and were poorly
sorted. Some quartz grains appeared strained. and others were fractured.
Quartz grains containing hornblende.inclusions were rare. Microcline rep-
resented between 1% and 2% of the rocks and plagioclase was rare.
Orthochemical constituénts ranged from 54% to 63% of the rocks. Mi-
crite was present in all of the rocks but the percentages varied widely from
7% to 37% and appeared to have been the original cement in the rocks. Dolo-

mite represented from 20% to 46% of the rocks and appeared to have replaced

the micrite (Plate 7). Pelletoidal phosphatic concretions were scattered
throughout and represented' 1% to 4% of the rocks. The grains ranged in size
from 0.1 to 0.4 millimeters (0.004 te 0.015 in'.) and were oval to round, light
yellowish-green to brown under plane pola.riZed light and were extinct under
crossed nichols (Plate 8).

The rocks varied from low to high porosity. Pore space appeared to be
the result of partial solution. Voids commonly occurred on one side of mol-
lusk fragments and appeared randomly oriented with respect to the concave or
convex sides of the shells. In some cases, the mollusk fragments themselves

had becen leached away leaving external casts in the matrix.

Recrystallization and delomitization appeared to have been extensive in
all rocks collected from the reef area. Monocrystal syntaxial overgrowths of

‘dolomite were abundant over dolomitic echinoid plates and spines throughout
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- "PLATE 7 .

Photomicrograph of dolomite rhombs scattered throughout micrite.
Slide stained with Alizarin Red "S" to stain micrite red (Plane
Polarized Light), x80. '
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PLATE 8

Photomicrograph of pelletoidal phosphatic concretions (upper
center, center right). Slide stained with Alizarin Red "S" to
stain micrite red (Plane Polarized Light), x80.
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" the rocks. Overgrowth thicknesses as large as 0.15 millimeters (0.006 in.)

were common (Plate 9). In some arcas of micrite complete recrystallization
of foraminifera tests, mollusk fragments and other biogenic fragments had
occurred leaving only a color difference in an otherwise evenly textured
groundmass (Plate 10). Dolomitization could be observed around most grains
in the micrite and, in some rare case, could be seen partially digesting fossil
fragments or pelletoidal grains and intraclasts. Some pelletoidal grains and
intraclasts had been completely dolomitized and appeared as clusters of an-
hedral to subhedral dolomite crystals retaining the original grain boundaries.
Dolomite also occurred as subhedral to euhedral rhorﬁbs scattered throughout
the micrite and commonly lined grains floating in the micrite (Plates 7, 11,
and 12). Sparry calcite was rare and appeared to have formed at the expense
of the micrite. The calcite was very fine-grained and was occasionally seen
filiing cracks in quartz grains. Some of the larger mollusk fragments had
undergone complete recrystallization to mosaic calcite, however, this con-
dition was rare.

Samples collected in the upper layer of rock had more quartz and less
micrite, >Dolomitizaﬁon appeared slightly more extensive in those rocks and
they were less indurated and were more porous. In two rock samples (ref-
erence numbers A-4-72 and JH-1 in Appendix) which were collected in the
ui)per layers of the reef, fragments of the thin-shelled pelecypod, Amusium

sp., were found whereas they were found nowhere else in the study area.

These animals are indicative of shallow, ¢alm water (Woolsey, personal




Photomicrograph of dolomitic monocrystal syntaxial over-
growths over ‘dolomitic echinoid plates (lower center and

right center) (crossed Nichols) x 80.
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PLATE 11

Photomicrograph of a biogenic fragment in micrite surrounded
by a halo of dolomite. Slide stained with Alizarin Red "S" to
stain micrite red (Plane Polarized Light), x200.
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communication, 1973).

A detailed description of each rock, both hand specimens and thin-sections,
as well as Sapelo Sound and Turtle River rocks, is given in the Appendix.

Similarity of the Gray's Reef rocks to the Sapelo Sound and Turtle River rocks

‘may be noted.




DISCUSSION

Geological History of Gray's Reef Substrate

The reef substrate appears to have been formed under intermittantly wave-
agitated conditions. A fnoderate amount of energy had to be p&:esent in the de-
positional environment to fragment most of the fossils and to introduce intra-
clasts. Conversely, there must have been periods of relatively low energy to
permit the deposition of lime mud (as described by Plumley, et al, 1964).

The site of the present reef was probably located between a carbonate and
a terrigenous sedimentary regime as indicated by the fnoderate amount of
quartz .sand present in the rocks. The occurrence of mollusk, brsrozoa and
éoral remains, and their fragmentary condition would suggest a shallow mar-
ine environment, possibly along a bar or shoal., Amusium sp. shells in the
rocks from the upper portion of the reef indicate that the environment was of .
:"vCry low energy during its formation (Woolséy, personal communication, 1973;
 Furlow, 1969).
Staining indicated that the micrite matrix was calcite in composition.
ince mosaic calcite was found infilling a solution void of a mollusk fragment,
'\ch' suggest exposure to ground water activity, the micrite is probably 'low.-
'ghesium calcite because it is more stable than high-magnesium calcite or

gonite in a surface diagenetic environment (Murray, 1960; Chave, et al,

40
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;962; Friedman, 1964),
The exact time of dolomitization of the reef substrate is difficult to ascer-
~tain although five modes of dolomite occurrenée indicate diagenetic as opposed
to primary origin:

1) subhedral to euhedral rhombs of dolo.mite scéttered randomly through-
out the micrite matrix (Plate 7);

2) "dolomite rim cement" (as described by Schmidt, 1965) around void
spaces and surrounding allochemical grains throughout the rocks
(Plate 11);

3) total replacement, destructive in many cases, -of intraclasts by anhed-
ral dolomite rhorﬁbs, some of which cross the grain boundaries;

4) dolomitic echinoid plates and spines with dolomitic mbnocrystal syn-
taxial overgrowths (Plate 9);

5) total dolomitization of a bryozoan colony (Plate 12).

Schmidt (1965) introduced the terms "early and late diagenesis" to imply

diagenesis influenced by the depositional and post-depositional environments,

res-pectively-. One feature all dolomite has in common is that the minerail has

0 form in a dynamic environment; that is, actively circulating fluids must be

:_present to supply magnesium ions (Hanshaw and Back, 1972). Little evidence

as found to indicate whether the circulation of magnesium-rich brines allowed

/ lomitization fo occur while the sediment was still under the influence of the

Snvironment of deposition (syngenétic) or whether the dolomitization occurred

later (epigenetic).
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Two widely accepted theories for sources of magnesium ions have been

‘jvanced by Goodell and Garmon (1969) and Adams and Rhodes (1960).

Goodell and Garmon described the process of "solution-cannibalization"
~solution of the upper high-magnesium carbonate rocks in a sequence as a
urce of the magnesium ions and the dolomitization of the rocks below the

.ea of solution by the downward percolation of magnesium-rich water. Sub-

stantial amounts of high-magnesium calcite have to be dissolved to dolomi-

ze even a relatively small unit of rocks below the zone of solution. In the

se of the Gray's Reef rocks, this process-is a doubtful explanation for the

k]

"figin of the magnesium ions required for dolomitization because the entire

equence is relatively thin. A thick sequence above the reef substrate to
upply the necessary.ions could have initially been present and subsequently
ei'oded away; bowever this phenomenon is highly unlikely. The time factor
lone would be prohibitive. For a thick ﬁnit of carbonate rocks to completely

deteriorate and erode away would involve much more time than has been

vailable.

Adams and Rhodes' (1960) theory for dolomitization envisions a process
£ ;'Seepage—reﬂuxion" with the seepage of ocean water through or over a
atural barrier into a semi —clqsed or closed hypersaline lagoon. The sea
alts are concentrated in the lagoon and the dense brines formed percolate
ough the underlying strata and back into the se-a, thereby dolomitizing the

nderlying rocks or sediments.
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A modified version of Adams and Rhodes' theory is the most likely ex-

planation for the dolomitization of the study area rocks. The environment
of deposition became a very shallow, quiet body of water as indicated by the
Amusium sp. shells found in the uppermost rocks in the Gray's Reef sequence.

Recent work by J. R. Woolsey (personal communication, 1973) indicates a

more arid climate than present during the time of depositlm_] of the reef rpcks.
In this arid climate evaporation of the sea water in a shallow, possibly re-
stricted, body of water could cause dense, rich brines which in turn would
percolate downward through the porous sediments or rocks and thereby dolo~
mitize the beds over the entire area.

Further evidence supporting this theory is the fact that the rocks were

dolomitized prior to the first subaerial exposure of the area as indicated by

the higher percentage of dolomite in the uppermest layer of rocks. The se-

quence of rocks being dealt with is relatively thin so that dolomitization would
be fairly even. Ground water percolation would dissolve much of the micrite

out of the uppermost rocks leaving behind the sand and dolomite. The upper-

E most rocks of Gray's Reef exhibit a leached appearance while the rocks below
- this zone are much more consolidated and have a slightly higher micrite con-
_tent. Exposure to ground waters is indicated by the mollusk fragments that

g were recrystallized to mosaic calcite, probably by dissolution-reprecipitation
'Friedman, 1964). Exposure to ground water would also remove any evapo-

’ '?:e minerals, particularly anhydrite, leaving molds of the crystals (Murray,

60). This process would explain the occurrence of some of the pore space
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calcite dissolution must

in the rocks. Also, as described by Murray (1960),

accompany dolomitization if the fluids bearing the magnesium ions are carry-

ing insufficient carbonate ions which could also cause some of the porosity

evident in the Gray's Reef substrate.

Although the number, time and extent of sea level fluctuations during the

Pleistocene Epoch are highly speculative, the oldest Carbon-14 dates obtained

from continental shelf material indicate a sea level of approximately -148

meters (-485 ft.) around 40, 000 years b.p. with a rise to around -10 meters

(-33 ft.) approximately 29, 000 years b.p. and another regression to a level of

approximately -100 meters (-330 ft.) about 18, 000 years ago (Curray, 1965;

Emery, 1967). Although the exact time of subaerial éxposure of the Gray's

Reef area is not definite, the fact that the rocks were subaerially exposed is

suggested by the prevalent jointing in the substrate caused by dessication and

settling.

er, Crassostrea virginica, shell

Carbon-14 dates obtained from the oyst

samples collected in the study area were 31,520 years b.p. +1,000 years.

When this date was plotted on Curray's (1965) graph of late Quaternary sea

levels versus time, a level of approximately -20 meters (-65 ft,) was obtained.

“This sea level approximates the present depth of water over the study area in-

icating that perhaps the Gray's Reef area was an estuarine environment dur-

ng the mid-Wisconsin regression. According to Emery (1967), sea level

reached approximately -20 meters (-65 ft.) around 9, 000 years b.p. when

he rate of transgression decreased. The latter age is more feasible for the

i ey s e R RN T
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study area to be an estuarine environment because the shells would be less

likely to be scattered and fragmented.

The outcrop patterns seen in certain parts of the study area (i.e., the

ledge and undercut cave seen in Plate 1), indicate a period of exposure to the

surf action. The rock was consolidated prior to exposure to the surf in as

con-

ol A < i s A 4 S i T e i N
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much as it could not have survived the action of the surf had it been un

solidated. No fine rubble was found anywhere on or beneath the bottom under

i L

the ledges.

i A et A

The reef rock has undergone little change other than being encrusted by
the Juxurient growth of sessile benthos and perhaps some settling and collaps -
ing of the ledge areas since inundation by the advancing sea. Some sediment
t.ransport has probably taken place across the study area during severe wea-

ther; however, no thick accumulation of sediment has occurred in the immedi-

" ate past otherwise the encrusting organisms would have been killed off.

, Geologi‘cal Age of the Gray's Reef Substrate

Rock samples from Turtle River near Brunswick, Georgia, and from
Sapelo Sound were obtained from ]J.R. Woolsey, and were thin-sectioned. The
Turtle River Rock (reference number D-1-72 in the Appendix) closely re-
-sembled the Gray's Reef rocks in external appearance, except for the smaller
u_mber of encrustations. The color of the rock was dark gray to dark gray-
Sh brown. The surface of the rock was highly bored by moliusks. Thin-sec-
Pl

tions examination revealed the rock to be a sandy, moderately dolomitized,

icritic, skeletal limestone. Allochemical grains constituted 24% of the
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rock with echinoid and mollusk fragments being most common. Intraclasts
were common and foraminifera, fish bones and pelletoidal grains rare. Ter-
rigenous constituents, mainly quartz, represented about 32% of the rock.
Microcline and plagioclase were rare. The terrigenous grains were subangular
to subrounded and poorly sorted. Some quartz grains were fractured and some
showed strain. Ortﬁochemical constituents were the most abundant in the rock
and represented 44%. Micrite constituted about 8%, microspar to mosaic cal-
cite about 8% and dolomite around 28%. The Sapelo Sound rock was very simi-
lar in appearance to the uppermost rock of Gray's Reef. The rock was higher
in quartz sand, micrite and dolorﬁite content and less fossiliferous than the
Turtle River rock, although the fossil assemblage was very similar. The ;:ock
from Sapelo Sound also contained a cluster of Amusium sp. shells.
Several core samples were collected on Sap.elo Island, Georgia, and Amelia
Island, Florida, and a hard crust underlain by marly, gravelly sand was found
| at depths of _13.7 to 21.3 meters (45 to 70 ft.) and 10.7 to 18.3 meters (35 to
60 ft.), respectively. One sample on Sapelo Island at a depth of 13.7 meters
(45 ft.) contained large Amusium sp. fragments. Rock was also encountered
in several airlift holes drilled by J. R. Woolsey. East of St. Simons Island,
Georgia, rock was encountered at a depth of 10.7 meters (35 ft.) (Woolsey,
lpersona]< communication, 1973).
" Before postulating the age of the reef subst.rate a review of the current
tatus of late Neogene stratigraphy in the southeastern United States, and espe-

ially in coastal Georgia, is felt necessary because of the possible eminant re-
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vision of stratigraphic nomenclature (Henry, Giles and Woolsey, 1973). The
question of revision involves the Duplin Marl, traditionz!ly regarded in the
literature as Upper Miocene in age (Veatch and Stephenson, 1911; Richards,
1955; Herrick and Vorhis, 1963; Herrick, 1965). Recent work by Huddleston
(personal communication, 1973) and Woolsey (personal communication, 1973)
indicates a Lower Pliocene age for the Dulplin Marl.
According to Woolsey (personal communication, 1973), the layer of rock
croppirg out in Turtle River and Sapelo Sound and encountered in core holes on
Sapelo Island, Georgia, and Amelia Island, Florida, is the Duplin Marl For -
mation.
As previously discussed, seismic profiles run from Gray's Reef to the
ﬁcinity of Doboy Sound immediately south of Sapelo Island revealéd a some-
what discontinuous reflector at a depth of 15.0 meter-s (50 ft.) near the sound
and that cropped out at Gray's Réef. A lithologically similar layer identified
by Woolsey as the Duplin Marl was encountered in core holes on Sapelo Island
and in Sapelo Sound at approximately the same depth as the reflector discussed
apr.pve near Doboy Sound (Figure 5). There is therefore strong evidence that
the Gray's Reef substrate directly correlates with the Duplin Marl formation
of coastal Georgia. |
The Duplin Marl crops out mainly aiong the major rivers in coastal Geor-
ia. Exposures are found along the St. Mary's River south and southwest of
iFOIkStoxl, Georgia (Herrick and Vorhis, 1963) just north of Brunswick, Geor-

ia, along the Turtle River (Brantley, 1916), along the Altamaha River at
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Doctortown, Buzzard's Roost Bluff and at Bugs Bluff (Brantley, 1916; Cooke,
1943; Richards, 1955; Herrick and Vorhis, 1963) and at Porter's Landing on
the Savannah River (Brantley, 1916; Cooke, 1943; Richards, 1955; Herrick

and Vorhis, 1963).

In the updip section in Georgia the Duplin Marl is primarily composed of
marly, clayey sands (Veatch and Stephenson, 1911; Brantley, 1916; Herrick,
19.61; Herrick and Vorhis, 1963). Near the coastline from south of Brunswick
‘to the Ogeechee River south of Savannah, the Duplin grades to a sandy, poorly
to moderately consolidate, shallow marine limestone (McCollum and Herrick,
1964; Logan, 1968; Furlow, 1969; unpublished core data collected by Henry,

Woolsey and Hunt, 1971). North of the Ogeechee River in the Savannah-

Chatham County area the Duplin is apparently absent (Huddleston, personal

communication, 1973).




SUMMARY AND CONCLUSIONS

The outcrop pattern, bathymetry and sessile benthic accumulations of a
live-bottom reef have been mapped in an area 33 kilometers (18 naut. mi.)
east of Sapelo Island, Georgia. The author proposes that the name of this
feature be changed from "Sapelo Reef", a geographically vague local identi -
fication, to "Gray's Reef", as speci'ﬁcally located and described in this study.

The reef was found to be an outcrop of a moderately to strongly dolomitiz -

ed, sandy biomicrite and, on the basis of similar stratigraphic position (Fig-

ure 5) and similar lithology, a correlation with the Pliocene (?) Duplin Marl is
apparent.

Fossil fragmenfs of certain mollusks, bryozoa, echinoids and coral, and
their state of fragmentation, indicate that the rock was deposited in a shallow
marine environment, possibly along a bar or shoal, Although the exact time
of dolomitization was difficult to determine, evidence indicates that the dolo-
- mite was diagenetic in origin and occurred as a result of evaporation of sea
water in a broad, shallow, possibly restricted, body of water. The heavily-
:_ laden brines then percelated downward through the sandy biomicrite causing
extensive dolomitization,

Following lithification the studf area rqcks were subaerially exposed at
atic fluctuations

:, least twice during the Pleistocene Epoch as the result of eust
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of sea level (Curray, 1965; Emery, 1967). Fresh ground water percolation
leached some of the micrite from the uppermost layer of rocks in the area
resulting in a higher dolomite and quartz sand content than in the lower layers
of rock. During the latest transgression approximately 18, 000 years b.p.

the study area appears to have been exposed to the action of the surf. The
consolidated rock was undercut by wave action and some of the larger blocks
were left scattered about the base of the ledges. Following inundation by the
sea, the rocks were heavily encrusted sponges, soft corals, barnacles, coral,
calcareous algae, ascidiéns, serpulid worms and various other organisms

and have remained in such a condition until the present time. Apparently

little sediment is moving across the reef surface.

Other live-bottom reef areas are known to exist in.deeper water and fur-
ther offshore than Gray's Reef (Pilkey and Giles, 1965; Eddy, etal, 1967;
Henry and Hoyt, 1968; Henry, personal communication, 1973). The investiga-
tion of age, origin and composition of the deeper reefs énd their relationships
to Gray's Reef would provide an excellent subject for further study. The
Duplin Marl is a regionally extensive Jayer (Wéolsey, personal communication,
1973) and probably crops out along approximately the same depth contour,

As a consequence, other live-bottom reefs similar to Gray's Reef probably

exist within this trend.
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ROCK DESCRIPTIONS

REFERENCE NUMBER: A-3-72

Hand Specimen

Location: Gray's Reef

Color: Olive Gray, (Munsell 5Y S/2)

Structures: Vague orientation of elongate grains, partial solution
around mollusk fragments.

Induration: - Well indurated, low porosity.

Surface Features: Exterior of the rock is heavily encrusted by bryozoa,

oysters (7), various sponges, tunicates and serpulid

worm tubes. The rock has been extensively bored by
Lithophaga sp. Barnacles and solitary corals are

Thin Section A -3-72/A

Allochemical Constituents:

Echinoid F ragments

Mollusk Fragments

Intraclasts

;Orthochemical Consdtuents:

Micrite

Dolomite

8%

4%

2%

2%

85%

34%

29%

rare. One large quartz grain (11 mm) was found ad-
hering to the exterior of the rock,

Plates and spines, dolomitic and exhibited
dolomitic syntaxial overgrowths, grains
up to 0.8 mm. ’

0.2t0 2.0 mm, highly fragmented, some
showed halo of dolomitization,

0.2 t0 0.4 mm, dark brown and micritic,
most have halo of dolomitization, some
partially to entirely digested by dolomiti -
zation.

Light to dark brown, probably original
matrix.

0.05t00.12 mm, anhedral to euhedral
rhombs in micrite and commonly sur-

rounding and partially digesting allochemi -
cal grains in micrite.




Orthochemical Constituents Cont'

Pelletoidal 2%
Phosphatic
Concretions

Terrigenous Constituents:  27%
Quartz 26%
Microcline 1%

Thin Section A-3-72/B

Echinoid Fragments 8%
Mollusk Fragments 5%
Intraclasts 4%
Pellets 1%

Forams, Coral,
Ostracods Rare

Orthochemical Constituents: §7__%
Micrite _ 33%
Dolomite 23%
Pelletoidal Phosphatic 1%
Concretions

Microsparry Calcite  Rare

Allochemical Constituents:  18%

58

Up to 0.2 mm, light green to brown, oval
to round grains, isotropic.

0.1to 5.0 mm, grains subangular to sub-
rounded, some show inclusions.

0.2 to 0.8 mm, subangular to subrounded.

0.04 mm, plates commonly show syntaxial
overgrowths of dolomite.

Up to 0.3 mm, highly fragmented, some
highly dolomitized.

0.2 to 0.45 mm, typically show halo of
dolomite, some partially to entirely dolo-

mitized.

0.15to 0.2 mm, exhibit halos of dolomiti-
zation.

Light to dark brown.

0.02 mm, occurs as anhedral to euhedral
rhombs in micrite and around allochems.

0.2 mm, light green to brown, oval to
round grains, isotropic.
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Terrigenous Constituents: 25%
Quartz 249 0.1 to 3.0 mm, amphibole inclusions rare,
subangular to subrounded.
5‘:. Microcline 1% 10 to 2.0 mm, subangular to subrounded,

appears fresh and unaltered.

L
I
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REFERENCE NUMBER: A-4-72

Hand Specimen

60

Locations: Gray's Reef

Color: Gray to light gray, (Munsell 5Y 6/1)
Structures: Parallel orientation of large Amusium sp. fragments

indicate primary bedding in one layer of the rock.

Induration: Poorly indurated, high porosity.

Surface Features: Yxtexior of the rock is extensively encrusted by
bryozoa nd mollusks. Serpulid worm tubes are
common. The rock has been extensively bored by

Lithophaga sp.

Thin Section A-4-72

Allochemical Constituents:

Echinoid Fragments

Mollusk Fragments

Intraclasts

Foraminifera

Orthochemical Constituents:

Micrite

Dolomite
Sparry Calcite

Pelletoidal Phosphatic
Concretions

18%

8%
g
2%
1%

55%
21%

28%
4%

2%

0.1to 1.5 mm, most plates exhibit dolo-
mitic syntaxial overgrowths,

0.2 mm, highly fragmented and some
extensively dolomitized.

Upto 1.2 inm, most have halo of dolo-
mitization, some partially digested.

0.2 to 0.8 mm, almost completely re-
crystalized, some highly dolomitized.

Light to dark brown.

0.04 to 0.05 mm, anhedral to euhedral
rhombs in micrite and around allochems.

0.01 to 0.03 mm, filling cracks in quartz
grains and small voids.

Up to 0.2 mrn, round to oval, light green
to brown, isotropic, show vague coincen-
tric structure around periphery.

R
!




Terrigenous Constituents:
Quartz
Microcline

Carbonaceous (?)
Material

2%
249

Rare

3%
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0.1 to 4.0 mm, subangular to subrounded.

Well packed and filling pore space, dark,
semi-opague,




‘REFERENCE NUMBER:

Hand Specimen

Color:

Structures:

Induration:

Surface Features:

62

A-5-72 Location: Gray's Reef

Dark gray, (Munsell 2,.5Y N4/)

Very vague primary bedding, partial solution has
left numerous voids throughout the rock. The voids
are typically lined with quartz sand grains.

Well indurated, moderate porosity.

Exterior is extremely encrusted, almost entirely
by bryozoa. Small mollusk shells are encrusted on
the rock and serpulid worm tubes are common.
Barnacles are rare,

Thin Section A-5-72/A

Echinoid Fragments

Mollusk Fragments

Intraclasts

Fish Bones, Bryozoa

Micrite

Dolomite

Concretions

Allochemical Constituents:

Orthochemical Constituents:

Pelletoidal Phosphatic

Foraminifera, Coral (?)

10%

5% 0.2to 1.5 mm, appear dolomitic and
most plates exhibit dolomitic syntaxial
overgrowths.

3% 0.2to 1.0 mm, highly fragmented, some
grains had internal structure destroyed
by dolomitization,

2% 0.2to 0.7 mm, dark brown and micritic,
show rim of dolomitization, some digest-
ed by dolomitization,

Rare

55%

33% Darkto light brown

20% 0.0l to 0.02 mm, anhedral to euhedral
rhombs, some areas have undergone
nearly complete dolomitization.

2% 0.2 mm, isotopic, light green to brown,

round to oval.




Oxthochemical Constituents Cont'

. 63

0.2 to 2.0 mm, many grains fractured
and strained, some filled with microspar.

0.1 to 0.4 mm, subangular to subrounded,
appears fresh and unaltered.

Microsparry Rare
Calcite '
Terrigenous Constituents:  35%
Quartz 34%
Microcline 1%
Thin Section A-5-72/B
Allochemical Constituents: 9%
Echinoid Fragments 4%
Mollusk Fragments 3%
Intraclasts 2%
Pellets, Forams, Rare
Bryozoa, Coral
Orthochemical Constituents: 60%
Micrite 37%
Dolomite 20%
Pelletoidal Phosphatic 3%
- Concretions
Microsparry
Calcite Rare

0.2 to 1.2 mm, show syntaxial over-
growths of dolomite.

0.2 to 4.0 mm, highly fragmented and
show halos of dolomite.

0.2 to 80 mm, dark brown and micritic,
commonly surrounded and partially di-
gested by dolomitization.

Dark brown to light brown, stains red
with Alizarin Red "S".

0.02 to 0.05 mm, anhedral to euhedral

rhombs.

0.15 to 0.2 mm, round to oval, light
green to brown, isotropic.




rigzz==wous Constituents:

Qu=—"z

Mic—=xezline

hin Se=——=om A-5-72/C

ochez——=—=a1 Constituents:

| Echzr=xid Fragments
Moei—==si¥ Fragments

Intr=c—z= sts

Brye:z_rz;

Forzox—mifera

Orthochem:;:;al Constituents:

Micritz=
Dolormr—=

Pelletaxx==1 Phosphatic
Concr=—.05s

dTerrigenous= Constituents:

& Quartz

i  Microc=me

3%

30%

1%

15%

6%
5%

3%

1%

Rare
S6%
22%
31%

3%

29%

29%

Rare
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0.1to 2.0 mm, subangular to subround-
ed, some fractured and filled with micro-
spar, amphibole inclusions rare,

1.5 mm, subangular to subrounded,
grains elongated,

0.2 to 2.0 mm, plates show Syntaxial
overgrowths of dolomite.

Up to EOmm, 'highly fragmented, some
extensively dolomitized.

0.2 to 0.4 mm, brown micrite, typically
surrounded or partially digested by

dolomitization.

Up to 0.6 mm, grains crushed and par-
tially dolomitized.

Light to dark brown.
0.02 mm, anhedral to euhedral rhombs.

0.2 mm, oval to round, light green to
light brown, isotropic.

.

0.02 to 2.0 mm, subangular to sub-
rounded, ’




REFERENCE NUMBER:

Hand Specimen

Color:

Structures:

Induration:

Surface Features:

Thin Section A-6-72/A

Echinoid Fragments
Mollusk Fragments
Intraclasts

Coral, Forams,
Pelletoidal Grains

Micrite
Dolomite

Pelletoidal Phosphate
Concretions

Microsparry Calcite

'Allochemical Constituents:

Orthochemical Constituents:

65

A-6-72 Location: Gray's Reef

Gray, (Munsell 5Y 5/1)

Very faint bedding is apparent and is accentuated by
solution pitting. Partial solution is common, par-
ticularly in mollusk fragments, as some of the
larger voids take the shape of the original fossils.

Moderate induration, moderate porosity.
Exterior of the rock is extensively encrusted, pre-

dominantly by bryozoa. Barnacles are abundant,
mollusk shells are common and serpulid worm

tubes are abundant. Rock has undergone extensive
boring by Lithophaga sp.

13%
5% 0.2to 1.5 mm, commonly exhibit dolo-
mitic syntaxial overgrowths.
4%  Upto 2.2 mm, highly fragmented and
dolomitized.
4%  Upto 1.0 mm, brown micrite, irregu-
lar shaped, extensively dolomitized.
Rare
57%
- 19%  Light to dark brown.
34% 0.01 to 0.1 mm, anhedral to euhedral
rhombs.
49 0.1t0 0.2 mm, oval to round, light
green to light brown, isotropic.
Rare 0.01to 0.1 mm




- Terrigenous Constituents:

Quartz

Microcline

Thin Section A -6-72/B

Allochemical Constituents:

Echinoid Fragments

Mollusk Fragments

Intraclasts

Coral, Forams,
Pellets

30%

29%

1%

13%

49
5%
4%

Rare

Orthochemical Constituents: 56%

Micrite

Dolomite

Pelletoidal Phosphatic
Concretions
Microsparry Calcite

Terrigenous Constituents:

Quartz

Microcline

14%

39%
3%

Rare
31%

- 29%

2%
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0.1to 2.0 mm, subangular to subround-
ed, some fractured and filled with micro-
sparry calcite.

0.1to 1.0 mm, shows typical twinning,
subangular to subrounded and appears
fresh and unaltered.

0.1to 1.0 mm, ‘plates commonly show
dolomitic syntaxial overgrowths,

Up to 2.0 mm, highly fragmented, some
partially digested by dolomitization.

Brown micritic lumps, typically show
halo of dolomitization.

Light to dark brown.

0.01 to 0.04 mm, anhedral to euhedral
rhombs scattered throughout the micrite,

0.1to 0.2 mm, oval to round, light
green to light brown, isotropic.

0.1to 1.5 mm, subangular to subround-
ed, fractured and strained,

0.2 to 0.9 mm, subangular to subround-
ed, appears fresh and unaltered.
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Térrigenous Constituents Cont*
Plagioclase Rare
Thin Section A -6-72/C

Allochemical Constituents: H_%

Echinoid Fragments 4% Upto 2.0 mm, plates commonly show
dolomitic syntaxial overgrowths,

Mollusk Fragments 5% Upto 3.0 mm, highly fragmented, vary-
ing degrees of dolomitization seen in

different grains.

Intraclasts 2% Up to l.O'mrri’;"’bef\VﬁffrTiEﬁftfé; some
highly-dolomitized, some show halo of
- dolomitization,

s
Orthochemical Constituents: 61%
Micrite 11%  Light to dark brown,

Dolomite 46% 0.01 to 0.07 mm, anhedral to euhedral
rhombs in micrite and around allochems,

Pelletoidal Phosphatic 4% 0.1t00.2 mm, round to oval, light
Concretions green to light brown, shows hints of

coincentric Structure in poriphery,

- Microsparry Calcite Rare

Terrigenous Constituents: 28%

Quartz 26% 0.07t01.5 mm, subangular to subround -
ed, some fractured and Strained,

Microcline 2% 0.2t0 1.0 mm, exhibits typical twinn-
ing, subangular to subrounded and ap-
Pears fresh and unaltered,




REFERENCE NUMBER:

Hand Specimen

Color:

Structures:

Induration:

Surface Features:

Thin Section A-7-72
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A-7-72 Location: Gray's Reef

Dark Gray, (Munsell 2.5Y N4/)

Lineation, probably bedding, is vaguely exhibited

by roughly parallel orientation of fossil grains,
Solution voids are common and typically lined with
unconsolidated carbonate material and quartz grains.

Well indurated, moderate porosity.

Exterior is highly encrusted by bryozoa. Barnacles

are common as-are oyster (?) shells. Serpulid worm

tubes are abundant and calcareous algae (Lithotham-
njon sp. ?) is rare. Rock is extensively bored by
Lithophaga sp.

Allochemical Constituents: _}0_%

Echinoid F ragments

Mollusk Fragments

Intraclasts, Pellets,

5% Upto 1.5 mm, commonly show dolo-
mitic syntaxial overgrowths.

5% Up to 2.0 mm, highly fragmented,
shows various stages of dolomitization,

‘most grains have halo of dolomite.

Rare

Forams, Coral, Bryozoa

Orthochemical Constituents: 58%

Micrite

Dolomite

Concretions

Microsparry Calcite

14% Light to dark brown

38% 0.0l to 0.05 mm, anhedral to euhedral
rhombs.

3% 0.01to00.04 mm, occurs as infillings
in fractures in quartz grains and voids.

Pelletoidal Phosphatic 3% 0.1t00.2 mm, isotropic, light green

to light brown.
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- Terrigenous Constituents: 327

uartz . 31%  0.04 to 2.0 mm, suban lar to subround-
gu

ed, some fractured or Strained,

Microcline 1% 0.1to 1.1 mm, subangular to subround -

ed, appears fresh and unaltered,
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REFERENCE NUMBER: A -8 -72 | Location: Gray's Reef
Hand Specimen
Col.or: ' Very dark gray, (Munsell 2,57 N3/)
Structures: Dark to light parallel bands probably indicafe origi-

nal bedding. Bands are typically enhanced by solu-
tion pitting. Voids are commonly lined with uncon-
solidated carbonate material and quartz grains.

Induration: Well indurated, moderate pordsity.

Surface Features: Exterior of the rock is relatively bare. One side is

covered by ca leareous algae ( Lithothamnion sp.2). -

S  Serpulid worm tubes are abundant and bryozoa rare,
' Rock is extensively bored by Lithophaga sp.

Thin Section A -8-72/A

Allochemical Constituents: _}_5_%

Echinoid Fragments 6% 0.2t01.0 mm, commonly show dolo-
mitic syntaxial overgrowths,

Mollusk Fragments 4% 0.3t0 1.5 mm, highly fragmented,

partly to entirely digested by dolomiti -
zation,
Intraclasts 5%  Brown micrite, many partially to en-

tirely digested by dolomitization, typi-
cally surrounded by a halo of dolomiti -

zation.
Pelletoidal Grains, Rare
Foraminifera, Bryozoa
Orthochemical Constituents: 63%
Micrite | 26% Light to dark brown, some appears to

have come from burrowing algae.

Dolomite 37%  0.01to 0.06 mm, anhedral to euhedral
rhombs in micrite and around in all
allochems, '




Orthochemical Constituents Cont'

Microsparry Calcite  Rare
Terrigenous Constituents: 22%
Quartz 219
Microcline 1%

Thin Section A-8-72/B
~~——Allochemical Consituents: 16%
Echinoid Fragments 6%
Mollusk Fragments 5%
Intraclasts 5%
Bryozoa, Coral, Rare

Foraminifera
Orthochemica] Consituents: S9%
Micrite 25%

Dolomite 329

Pelletoidal Phosphatic 2%

Concretions
Microsparry Calcite  Rare
Terrigenous Constituents: 25%

Quartz 23%
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0.1to2.2 mm, subangular to subround-
ed.

0.2t00.4 mm, exhibjts typical twinp-
ing extinctions, appears fresh and yp-
altered,

S — M.Tﬂ:ura‘*{"“ Wiy,

;
i
i

Upto 6.0 mm, most exhibijt dolomitic
monocrystal Syntaxial overgrowths.

0.3t02.0 M, most surrounded by a
halo of dolomiu'zation, highly fragment -
ed.

0.2t02.5 mm, brown micrite, most
have undergone extensive dolomitizatiop,

Light to dark brown,

0.01 to 0.07 mm, anhedral to euhedra]
rhombs ip micrite and around allochems.

0.1t00.2 mm, isotropic, light green to
light brown

0.07t0 1.5 mm, subangular to subround -
ed, some grains fractured O Strained,
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- Terrigenous Constituents Cont'

Microcline

2%

0.2 mm, subangular to subrounded, ap-
bears fresh and unaltered.
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REFERENCE NUMBER: A-9-72 Locatiop: Gray's Reef, near top
of section

Hand Specimen

Color; Light gray, (Munsel] 5y 7/1)

Structures: None apparent,

Induration: Poorly indurated, high borosity.

Surface Features: Exterior of the rock jg encrusted by Sponges, tunj-

cates, bryozoa and barnac]eg, Serpulid Worm tubes
are common ang €ncrusting foraminifera fare. Ex-
tensively boreg by Lithophaga Sp.

=_9pn
Thin Sectiop A-9-72
Allochemjea] Constituents: 7%

Echinoiq Fragments 4% 0.1to 0.9 mm, exhibjts dolomitic Syn-
taxial overgrowths,

Mollusk Fragments 3% 0.1 to 1.2 mm, highly fragmented, Some
Partially to entirely digested by dolomig -
zation.

Intraclasts, bryozoa, Rare :

coral fragments Highly dolomitizeq.

Orthochemical Constituents- S2%
Micrite 11% Light brown 1o brown,
Dolomite 39% 0.01 to 0.07 mm, anhedra] to euhedra]

Pelletoida) Phosphate 2% 0.1t00.2 mm, isotropic, light 8Treen to
Concretiong light brown

Terrigenoys Constituents: 41%

uartz 39%  0.05 to 1.5 mm, Subangular to Subround -
gu
ed, some show Strain or fracture.




" Terrigenous Constituents Cont'

Microcline 2%

TR SR & o ey

Q1o 0, 9m : brounded,
Shows typical Inctj
<&nd unaltered_.




REFERENCE NUMBER: JH-1

Hang Specimen

Color: Olive 8ray, (Munsel] SY 5/2),

Structures: The few mollusk shely fragments bPresent appear rough-
ly paralle] Indicating bossible beddiug Extensive solu-
tion Pitting has removed mollusk shells leavmg exter -
nal casts

Induratiop: Moderately indurated, medium tg high Porosity,

Surface Features. Exterior about 90% Covered by €ncrusting bryozoa. Ep-
Crusting algae Common, Serpuled worm tubes Common,
and the rock jg EXtensively bored by £1tbophaga sp.

Thin Section JH-1

Allochernical Constituents: 149

Echinojg Fragments 5% Up to 2.5 mm, many Spines Present,
most plateg Covered by,dolomitic sSyn-
taxial Overgrowths.

‘usk Fragmentg 5% Up to 3.0 mm, highly fragmented, eXten-
Sively dolomitize .

Intraclagtsg ‘ 3% Uptol.5 Inm, dark to light brown mic -
Tite, Partially to entirely dolomitized.

Bryozoa 1% 0.5+ 2.5 mm, appears extensively dolo-
mitized, inside Cavities lined with sup-
hedra] dolomite rhombs

Pellets, Fish Bones, Rare
and Foramim’fera

Orthochernical Constituents: S54%
" Micrite 9% Light to dari brown,

Dolomite 43% 0. 01+t00.06 Mm, anhedra] to euhedra]
rhombs jp and aroung allochemicg] 8rains
in the micrite,
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Orthochemical Constituents Cont'

Pelletoidal Phosphatic

2% 0.1t00.2 mm, ova] tq Tound, light green
Concretions to brown
Terrigenous Constituents: 32%
Quartz 31% 0.1 to 1.2 mm, Subangular ¢ Subroundeq
many grains Strained Some fractureq
Microch‘ne_ 1% Exhibitg typical twinning,
Plagioclase

Rare




AT
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REFERENCE NUMBER®: JH-2 Location: Gray's Reef

Hang Specimen

Color: Dark gray, (Munsell 2.5y N4y/)

Structures: No Primary Structures apparent. Rock has a black
Teduced core Surrounded by a halo of Oxidation. Rock
is extensively pitted by solution

Induration. Moderately Indurated, moderate Porosity

Surface Features: Mollusk fragments are common, exterior of the rock
18 heavily encrusted by bryozoa, ChCcrusting algae
(thhothammog Sp. ?) and oysters (?) Common. Barp-

acles and Serpulid worm tubes commop and encrusting

forarninifera abundant,
Thin Section JH-2/A

Allochemica] Constituents: 16%

—

Echinoig Fragments 6% 0.2t 1.0 mm, plates commonly exhibit

dolomitic Syntaxiag] Overgrowths,

Mo]lus}c Fragments 5% Upto 4.0 mm, highly fragmented, exten-
Sively dolomitizeq.

Serpulid Tubes (? 1% Upto1.s mm, highly fragmenteq, slight-
ly dolomitized,

Intraclasts 4% Up to 2.0 mm, brown Mmicrite, extensive-
ly dolomitizeq,

Algae, Fisp Bones, Rare

and Bryozog

rthochemica] Constituents: 54%

Micrite 26% Much appears to he residual from boring
. ' algae (7). Some mollusk ang echinoid
ragments boreq and replaced by micrite
Dolqmite 26%  0.01 1o 0.1 mm, anhedra] tq euhedra}




Orthochemical Constituents Cont'

Pelletoidal Phosphatic
Concretions

Terrigenous Constituents:

Quartz

Microcline
Thin Section JH-2/B
Allochemical Constituents:

Echinoig Fragments
Mollusk Fragments

Intraciy Sts

Orthochemical Constituents:

Micrite

Dolomite

Pelletoida] Phosphatic
Concretiong

Terrigenous Constituents:

Quartz

Microcline

2%

30%

28%
2%
208
8%
6%
5%
54%

25%

25%
4%
26,

249

2%

0.1to 2.0 mm,

~ show dolomitic Syntaxia] Overgrowths,

€xtensively dolomitizeq.

0.3t02.5 MM, brown micrire typically

- Surrounded by halo of

€Xtensively dolomitized.

Light brown to dark brown,

0.01 to 0.1 mm, anhedra] to euhedra]
rhombs ip micrite ang around allochems.

0.1t00.2 mm, light green to light brown,

isotropjc, oval to

0.1t00.7 mm, subap
exhibits typical twinp;j
and Unaltered,

round,

gular to subrounded,
ng, appears fresh
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. A (.'Onh it "y 1
e Htenty (o).
oph# CE0Us (7) .
A 1] 10 by 15 mm, central core of rock, fills
AW pore space in rock and is surrounded by
an oxidized (iron-stained ?7) zone.
¢
]
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;
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Orthochemical Constituents Cont"
Dolomite

Microsparry Calcite 7%
to Mosaic Calcite

| Pelletoidal Phosphatic 1%

Concretions
Terrigenous Constituents: 32%
Quartz 30%
Microcline 2%
Plagioclase Rare

hin Section D-1-72/B

Hochemical Constituents: 25%

Echinoid Fragments 10%

Mollusk Fragments 8%
Intraclasts 3%
Foraminifera 3%
Bryozoa, pellets 1%

‘hochemical Constituents: 45%

Micrite 8%

Dolomite 24%

partially digesting allochemical grains,

0.01to0.4 min, occurs in voids and in

external casts of mollusk shells,

0.2 to 0.4 mm, oval to round, isotropic,

light green to light brown,

0.05 to 1.0 mm, subrounded to subangular

some grains fractured or Stained.

0.4 to 0.8 mm, subangular to subrounded,
exhibited typical extinction, appears fresh

and unaltered.

0.3 to 5.0 mm, Spines and plates, plates b
typically exhibit dolomitic Syntaxial over-

growths,

0.2 to 3.5 mm, highly fragmented, some

partly to entirely dolomitized.,

0.3 to 2.0 mm, brown micrite, some

partially to entirely dolomitized,

0.2t0 0.4 mm, partially dolomitized,
some of internal cavities filled with sparry

calcite,

Light to dark brown.

0.05t0 0.1 mm, anhedral to euhedral
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rthochemical Constituents Cont'

Dolomite
Microsparry to
Mosaic Calcite

Pelletoidal Phosphatic
Concretions

errigenous Constituents:

Quartz
Microcline

Plagioclase

11%

2%

30%

27%

2%

1%
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rhombs in micrite and around or partly to
entirely digesting allochemical grains.

0.5 to 1.0 mm, occurs in cavities, par-
ticularly in allochemical grains.

0.2 to 0.4 mm, isotropic, light green to
light brown, oval to round.

0.1to 1.5 mm, subangular to subrounded,
some fractured, some strained.

0.4 to 0.6 mm, subangular to subrounded,
appears fresh and unaltered.

0.1 to 0.3 mm, appears fresh and unalter -
ed.




.EFERENCE NUMBER: A-5-73

land Specimen

83

Location: Sapelo Sound

'olor: Light gray, (Munsell 5Y 7/2)

tructures: Bedding planes accented by large Amusium sp. frag-
ments and shells.

\duration: Poorly indurated, moderate to hizgh porosity,

irface Features: Rock encrusted to a minor degree by bryozoa, sponges,

tunicates, serpulid worm tubes, etc. Large Amusium
sp. shell fragments are evident in the rock. Exterior
appears quite sandy.

1i_n Section A-5-72

lochemical Constituents:

Echinoid Fragments

Mollusk Fragments

‘ellets

ademical Constituents:

Micrite

Dolomite

rrigenous Constituents:

Quartz

-Microcline

Rare

51%
16%

35%

42%

40%

2%

0.2 to 1.5 mm, dolomitic syntaxial over-
growths common.

Up to 40 mm, Amusium sp. fragments
mostly, minor dolomitization around
grains, others highly dolomitized.

Light to dark brown,

0.01 to 0.05 mm, anhedral to euhedral
rhombs, some areas almost entirely
dolomitized.

0.1to 1.5 mm, subangular to subrounded,
some fractured, some strained.

0.2 to 0.8 mm, subangular to subrounded,
shows typical extinction, appears fresh
and unaltered.






